RWLP0052 


A Personal Monitoring Study to Assess Workplace Exposure to 
Environmental Tobacco Smoke 

OAVtD B. Coultas, MD, Jonathan M. Samet, MD, John F. McCaktht, ScD, and John D. Spencler, PhD 


Abturact: We enrolled 15 nonsmoking volunteers uj evaluate the 
feasibility of measuring personal exposure to environmental tobacco 
smoke (ETS) at work and to characterize workplace exposures. 
During one workshift, we obtained questionnaires on exposure, 
saliva and urine for eotinine. and personal air samples for respirable 
panicles and nicotine. The levels of cotinine. respirable panicles, 
and nicotine varied widely with self-reports of exposure to ETS, but 
on average increased with increasing exposure. (Am J Public Health 
1990; 80:938-990.) 


Introduction 

While health effects of passive smoking on children and 
adults have been identified, the principal location of exposure 
investigated has been the home.'- 1 Workplace exposure has 
received less attention, and health effects of environmentai 
tobacco smoke (ETS) in the workplace remain controversial. 

We enrolled 15 nonsmoking adults to determine the 
feasibility of measuring personal exposure to ETS at work 
and to characterize workplace exposures of this small group 
<rf subjects. Indicators of exposure, measured during a 
workday, included questionnaires, personal samples for 
respirable particles (RSP) and nicotine, and urinary and 
salivary cotinine. 

. Methods 

Between October 1986 and May 1987, 15 nonsmoking 
‘ volunteers (eight tneti, seven women), 18 years cf age and 
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older, were recruited from the Albuquerque, New Mexico 
area. We obtained exposure questionnaires, saliva, urine, 
and personal air panicle samples during one workshift The 
saliva and urine specimens were obtained before and after the 
wortahift. Cotinine was quantitated by a double antibody ' 
radioimmunoassay, as described by Langone, ei at. 1 Details 
of the assay in our laboratory have been reported previously.' 1 

During the workshift, each subject wore a personal 
monitoring pump running at 1.7 l/miu with a 10 mm nylon 
cyclone clipped to the shirt collar. 3 RSP samples were 
collected on 37 mm Fluropore filters (Miliipore Corp). Nic¬ 
otine was collected on a glass fiber backup filter treated with 
sodium bisulfate to minimize volatilizattcn.aftcr extraction 
from the filter, analysis for nicotine was done on a gas 
chromatograph with a flame ionization detector. 4 The recov¬ 
ery of nicotine by this procedure has been shown to be 98 
percent efficient. 

From the questionnaires, we derived measures of expo¬ 
sure including the total number of cigarette smokers and total 
number of hours exposed during the workshift. To describe 
the relationships among the measures of ETS exposure. 
Spearman correlations were calculated. Data analysis was 
performed with standard programs. 7 

Results 

Occupations of the subjects were diverse (Table 1); mean 
age was 44,8 years; average duration of the workshift arid of 
the personal monitoring was 6.5 hours (SD a; 2.0): 

Exposure to cigarette smokers at work was reported by 
13 of the £5 participants. Of the t3 reporting exposure, two 
reported exposure to crowds of smokers during their work- 
shift and the remaining 11 encountered a mean of 8.8 smokers 
(SD a 6.7). The mean reported hours of exposure was 3.4 (SD 
St 2.1), . , 

Respirable particle and nicotine concentrations varied 
widely with the reported number of smokers and hours of 
exposure. The mean concentrations for RSP and nicotine 
were 63.9 ugiW (SD ± 41.5) and 20.4 (SD 2 20.6), 
respectively. Correlations between the atmospheric markers 
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TABLE l~BMcdp!!on «f Participants !n s Person.I Vattitarms Study el 
.^Exposure la Environments! Tobacco Smoke »t Work, Now 
Merlca, H68-67 



Workshirt Duration/ 

Exposure Duration RSP 

NlOOtfn^ 

Occupatio n/Wc rfcpt&ca 

(hours) 

fog/tri 1 ) 


Mates 




Ptiy$i<iaiVHQSp[tai 

8/5 

52.3 

10.0 

Social Woffcor/Offico 

s/o 

44.0 

2,5 

Slock Broker/Olfleu 

8/2 

69.4 

7.2 

Bus Boy'Rostaufanl 

8/3 

145.8 

45.0 

Maintenance Woixer/Rstali Slots 

m 

85.2 

8,9 

BarkatVEarther Shop 

m 

14,7 

4.0 

BdrbarlBartwr Shop 

m 

145.9 

18.7 

Voluriioer/Bospltsl 

HZ 

ao.o 

26,0 

Fomatos 




fntervJewaz/Pubifc Transportation 

3/2 

4,0 

0.0 

Travel Aflant/Offlco 

ft's 

SS.7 

50.0 

Travai AflorrtfQffico 

8/4 

62.1 

467 

Attomoy/Ottlca 

m 

S3.3 

5.9 

Vdluritear/Hospi tal 

4/3 

27.6 

8.3 

Volunteor/HosplUl 

4/3 

25.2 

8.7 

Vdiu rua«j r/HoSpffat 

4/4 

53/2 

53.2 


and ihe questionnaire measures of exposure to ETS were 
moderate (Table 2). 

As was observed for the atmospheric markers, the 
post-workshift urinary and salivary cotininc levels varied 
widely with self-reported exposure. In comparison with 
pre-workshift levels, post-workshift levels were not consis¬ 
tently increased. The mean pre-workshift urinary and sali¬ 
vary cotmine concentrations werij 31.8 ng/tng Cr (SD ± 67.6) 
and 2.9 tig/ml (SD ± 5,0), respectively. For the post- 
workshift levels, the corresponding values were 19.7 iigfmg 
Cr (SD £ 43.2) and 3.5 ng'ml (SD s 5.9). 

Spearman correlation coefficients were calculated to 
examine the relations among the questionnaire variables, the 
atmospheric markers,. and urinary and salivary cotmine 
(Table'2), Moderate correlations were obtained for self- 
reports end cotinine levels, and nicotine levels and cotinine 
levels, However, RSP levels and cotininc concentrations 
were not correlated. 


"ABLE 2—Spearman Correlations tsstwasn Various Measures o( Er.vl- 
( ronmental Tobacco Smoks at Work, Saw Mexico, 1966-6/ 


Correlated Measures _ 

n 

r 

RSP Iwjto 5 } whh: 

fJtcofc'n*. 

' 15 

0.5T 

Total number of amok*ns 

15 

0-44 

Total hours <>( evpoeuro 

15 

0.53' 

■PusUMft uririary cotWria 

14 

0,05 

PcaWiift salivary collnliw 

11 

-0.Q7 

Nkx-dna (nO/m 3 ) with: 

Total number of omokora 

15 

0.62“ 

Total hours cl arposura 

15 

0.64’ 

Poatshttt urinary cotlnirtft 

14 

0.60* 

Post shift salivary cotfnlna 

11 

0.46 

Pcstehift urin^jy eoilnirt* 

(nc/mg CO with: 

Total number of smoksra 

14 

0.39 

Total hours oi exposure 

14 

o.sr 

PwlshiH salivary eotinm® 

Ino/mrt with: 

Total number Ql smok»ni 

11 

0.83* 

Total hours ol exposure 

It 

0.45 
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Discussion 

The controversial effects of involuntary smoking in the 
workplace need further investigation. The conduct of such 
research would he facilitated by the development of unintru- 
sive and accurate methods of exposure assessment. Alter¬ 
native approaches include active and passive monitoring, 
biological markers, and questionnaires. We have shown that 
personal monitoring for tobacco smoke components can be 
accomplished in the workplace. However, many employers 
and employees would not participate in the study because of 
concern about the wearing of pumps. 

Despite the small number of subjects studied in this 
investigation, objective evidence of exposure to ETS was 
obtained in various workplaces. The levels of RSP and 
nicotine were similar to those observed in other 
investigations. 6 -*- 10 However, few of these studies included 
information on the intensity and duration of exposure to 
ETS. 10 

We observed moderate positive correlations among Che 
questionnaire measures of ETS exposure, the results of 
personal monitoring for RSP and nicotine, and measurements 
of urinary cotinine. Each of these types of measures provides 
a differing index of exposure to ETS.’ The questionnaire 
measures Chat were used assess source strength, but concen¬ 
trations of ETS are also influenced by room volume and 
ventilation. Nicotine is a specific marker of exposure to ETS, 
whereas ESP is nonspecific. Cotinine levels reflect nicotine 
exposure, but also are determined by timing of specimen 
collection 10 and uptake and metabolism. Thus, tight concor¬ 
dance among these broad indicators of exposure used in this 
study would not be anticipated. 

Because of the differing characteristics of question¬ 
naires. personal monitoring, and biological markers for 
assessing ETS exposure, no single method should be con¬ 
sidered as optimal for studying the workplace. We recom¬ 
mend that assessment of ETS exposure in indoor environ¬ 
ments should utilize multiple approaches to characterize 
short- and long-term exposures. In population studies, ques¬ 
tionnaire measures of exposure offer the simplest approach 
with personal atmospheric markers and biologic markers 
providing methods for estimating the potential magnitude of 
misetassification of seif-reported exposure. 
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